Deep in the fascinating world of numbers there still might lurk useful insights into the processes of the socio-spatial world. A rich section of the world of numbers is of course Number Theory and its pantheon of findings, a part of which is revisited here.
SOME INTERESTING PERIODIC PROPERTIES INVOLVING THE DECIMALS OF THE UNIT'S CERTAIN FRACTIONS
In commenting on an initial draft of this paper with its emphasis on computer simulation, Professor M. Sonis has suggested to this author* that the great Swiss mathematician Leonhard Euler was the first one, in the 18th century, to search into the Personal correspondence, October 1998. 133 empirical regularities of Theoretical Arithmetics and Number Theory by using numerical calculations. A reemergence of this idea is due to Ulam (1964) . Since What motivated this note, as a part of a series of three closely connected papers, is the need for a closer look at the approximations involved in various divisions when social stocks are studied. It is not so much the approximation itself which is of import here, but rather the conclusions one might draw from the study into the nature of these divisions proper. More precisely, the paper elaborates on the realization that when shares of stocks are computed then certain properties inevitably appear which characterize these shares. In computing the shares of large stocks (as is the case when urban to regional or to national population ratios are computed), the ensuing probability always consists of a stream of periodic (at times with a very large period) decimals. These periodic sequences are "rationals" as they are the outcome of divisions of integer numbers or fractions, Niven (1961) Chapters 2 and 3.
The study of rationals enjoys a very long and distinguished past in the history of mathematics in general and Number Theory in specific, Adams and Goldstein (1976) Chapter 1. At the start of any rational number sequence should be the study of the unit's divisors by all integers, something that one fails to see in standard textbooks on rationals. Were one to systematically study the behavior of these specific rationals, then one might seek regularities, or distinct properties, governing their periodicity.
As this paper demonstrates, the periodic sequence of decimals of the unit's divisions by integers, although apparently not random, does not seem to obey any predictable rule either; i.e., there does not appear that periodic sequences of increasing period occur at expected intervals as one moves up the magnitude of integer divisors; but neither does it appear that these sequences are random, as one moves up the fractions' scale. Also noteworthy is the fact that small periodic sequences in decimals appear no matter the position in the fractions' scale (from 1/1 to l/r, where r is very large). Since by its dendrite. There exist two 1-n.1, one 1-n.2, five 1-n.3, one 1-n.5, five 1-n.6, one 1-n.7, and one 1-n.9 of these cycles (in total 16 out of 101 divisions) in the spectrum (1/2... 1/101). Thus, all single digit cycles are encountered with the exception of a 1-n.4 and a 1-n.8 cycles. The relatively high frequency of 1-n.3 and 1-n.6 periodic cycles is noted in this part of the spectrum. In the spectrum (1/2... 1/2001) there are four 1-n. 1, three 1-n.2, fourteen 1-n.3, three 1-n.4, four 1-n.5, thirteen 1-n.6, two 1-n.7, two 1-n.8 and one 1-n.9 period cycles. Again, the relatively high frequency of the 1-n.3 and 1-n.6 cycles is noted, as well as the relative rarity of the 1-n.9 cycle. Further, it is remarked that as the size of the spectrum increases 20-fold, the overall frequency of these one-decimal periodic cycles decreases considerably. (011) dendrite and it is followed by a 2-n cycle (thirty-six). In the interval 1/2... 1/101 one encounters 2-n (seven), 3-n (four), 4-n (one), 5-n (two), 6-n (fifteen), 8-n (one), 9-n (one). In total, there are 31 of these types of periodic cycles in this interval of integer divisors of unity.
The single 4-n periodic cycle is found at the division 1/101 =0.0099..., the single 8-n cycle is at 1/73 0.01369863..., whereas the single 9-n periodic cycle corresponds to the division 1/81--0.012345679...; the relatively high frequency of 3-n and particularly 6-n periodic cycles is noted; no 7-n cycle has been encountered in this interval, see one-hundred and fifty-six 6-n cycles, by far the most frequently encountered periodic sequence in the decimal fractions of unity. Following the 6-n period cycle's frequency, one finds the 18-n (sixty-seven) and 42-n (fifty-six) cycles, Table I . A few hints as to why will be given later.
lB. Second Set of General Properties
In examining the location of the various cycles when they first appear, a number of observations are possible. Period 6-n appears at 1/7; the first 16-n cycle appears at 1,/17; the first 18-n at 1/19; 22-n at 1/23; 28-n at 1/29; 46-n at 1/47; 58-n at 1/59; 60-n at 1/61, Table II . All these periodic sequences (where the period n is at location 1/(n + 1)), when they first appear, have no dendrite associated with them, Table Ill , and they correspond to prime number divisors (i.e., n + are all primes).
The case of the 96-n periodic sequence, appearing at 1/97, is shown in Table III : since 1/97 is not associated with any of the frequently encountered periodic sequences, the hypothesis was tested whether it might be the location of the first 96-n periodic cycle. This proved to be the case. Consequently, one might expect that prime number divisors, designated as N, are either points in the spectrum of numbers associated with a set of frequently encountered periodic sequences, or the beginning point of N-periodic cycles.
Period 15-n appears at 1/31; 21-n at 1/43; 33-n at 1/67; 35-n at 1/71; 41-n at 1/83; 44-n at 1/89; 53-n at 1/107, Table II. All these periodic sequences (where the period n is at location 1/(2n + 1)), when they first appear have no dendrite associated with them, too, and they also correspond to prime number divisors (i.e., 2n + are all primes), Table III. When the 43-n period sequence first appears at 1/173, Table II , it happens that 173 4n + 1; 69-n at 1/277, where 277 4n + 1, Table III. The 34-n period first appears at 1/103, where 103=3n+1, Table III . 103 is also a prime number.
The sequence in obtaining periodic streams of decimals as the magnitude of the divisors increase, Table III , observes the following rules: first, a fixed point is obtained at 1/2=0.5; it is followed by a 1-n.3 cycle at 1/3 =0.3... at 1/7 =0.142857... the first six period (6-n) cycle appears; at 11 0.09... Rule The divisor 11 x 5 55 will behave as the divisor of 11 (i.e., it will exhibit a 2-n periodic cycle). Thus, prime number 11 dominates prime number 5, or 11D5. Rule 2 The divisor 7 x 11 --77 will behave as the divisor of 7 (i.e., it will exhibit a 6-n periodic cycle). Thus, prime number 7 dominates prime number 11, or 7Dll.
Rule 3 Since 7Dll and 11D5 it must follow that 7D5 which is the case. For example, 1/35 behaves as 1/7 (i.e., it exhibits a 6-n periodic cycle).
Rule 4 The divisor 3 x 5 15 will behave as the divisor 3, thus 3D5. Rule 5 The divisor 7 x 3 21 will behave as the divisor 7, thus 7D3. Rule 6 The divisor 3 x 11 33 will behave as the divisor 11, thus 11D3. Comment Consequently, so far, the following dominance pattern has been established: 7DllD3DS. fixed point (fp) 1-n.3 cycle fp fp 1-n.6 cycle 6-n cycle 1-n. cycle fp 2-n cycle 1-n.3 cycle 6-n cycle 6-n cycle 1-n.6 cycle fp 16-n cycle 1-n.5 cycle 18-n cycle fp 6-n cycle 2-n cycle 22-n cycle 1-n.6 cycle 6-n cycle 3-n cycle 6-n cycle 28-n cycle 1-n.3 cycle 15-n cycle fp 2-n cycle 16-n cycle 6-n cycle 1-n. 7 cycle 3-n cycle 18-n cycle 6-n cycle fp 5-n cycle 6-n cycle 21-n cycle 2-n cycle 1-n.2 cycle 22-n cycle 46-n cycle 1-n.3 cycle 42-n cycle fp 16-n cycle 6-n cycle 13-n cycle 3-n cycle first 1-n cycle one digit dendrite first 6-n cycle first The same rationale may apply to 7 and 13 with regards to the 6-n cycle, as well. Consequently, dominance is afforded a prime number because of the frequency of its underlying behavior, and not because of its relative magnitude.
Rule 10 Any divisor of unity by an integer which is not a prime but a multiple of one or more prime(s) will behave as the dominant prime number. All prime numbers dominate all nonprime numbers which are not multiples of primes.
Professor Sonis has remarked to the author, in response to a prior draft of this paper, that the dual representation of the rational numbers will result in the symbolic dynamics introduced by Thue (1906) and Morse (1921) , and used by Metropolis et al. (1973) for the presentation of "universal sequences," see Schroeder (1991) and Hao (1983) .
One might profitably ponder the question what the dominance patterns, identified above, and the cycle accumulation phenomenon (to be addressed below), might imply for these universal sequences. Among other things, they might set "markers" for separation domains in these sequences.
ON THE NATURE OF CERTAIN PERIODIC BEHAVIOR: CYCLE ACCUMULATION
The discussion which follows, beyond its mathematical interest, presents the opportunity to derive some fundamental underlying principles in sociospatial (and possibly even natural) systems. It is shown that the decimal sequences of certain rational numbers is but an accumulation of a well identified sequence of cycles. This finding may shed some light into the nature of socio-spatial periodic dynamics, as the composites of temporal (hourly, daily, weekly, monthly, seasonal, yearly, etc.) cycles; as well as spatially dominant (urban, regional, national, global) cycles. First, a brief look into some periodic decimal streams will be taken. The inverse of 7 is a 6-n cycle (1/7=0.142857...); this cycle is simply the accumulation of successively higher powers of 2, multiplied by 7, and occupying two decimal places each, Obviously, the next step in this line of inquiry would be to consider the role of nonrational numbers and their relationship to rational ones in reference to the chaotic sequence of decimals they possess (such as the sequence of decimals in rr). A second extension of this work might also be the use of these findings to better understand the role of approximations; necessary approximations found in the recordings of rational numbers might prove that all socio-spatial systems are properly to be characterized as "simulated or modeled" rather than "real." In effect, this approximation might rob all socio-spatial systems from their "reality," no matter the tool used to study and analyze them.
